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APPENDIX C

C.1.  INTRODUCTION

The Portsmouth Gaseous Diffusion Plant (PORTS) is approximately 80 miles south of Columbus,
20 miles north of Portsmouth, and 1 mile east of U.S. Route 23, near Piketon in south-central Ohio.  The
industrialized portion of PORTS is approximately 1000 acres of a 3714-acre DOE reservation.  PORTS
was constructed between 1952 and 1956 and has operated since January 1955 enriching uranium for
electrical power generation.  Until 1991, PORTS also provided highly enriched uranium to the U.S. Navy.

On October 24, 1992, the Energy Policy Act (Public Law 102-486) amended the Atomic Energy
Act of 1954 and established the United States Enrichment Corporation (USEC).  USEC assumed
responsibility for uranium enrichment operations at PORTS on July 1, 1993.  DOE remains the owner of
the site and operates all facilities not leased to USEC.  DOE is responsible for all response and corrective
actions with respect to contamination or releases arising from past operations.

PORTS has operated continuously since January 1955.  The principal process at PORTS is the
separation of uranium isotopes by gaseous diffusion for 235U enrichment.  Support operations include the
feed of material into and withdrawal of material from the primary enrichment process, waste treatment for
sanitary and cooling purposes, decontamination of equipment removed from the plant for maintenance or
replacement, recovery of uranium form various waste products, and treatment of sewage and cooling
water blowdown.  Construction, operation, and maintenance activities generate low-level (radioactive)
waste (LLW), Toxic Substances Control Act (TSCA) regulated waste, Resource Conservation and
Recovery Act (RCRA) waste, sanitary/industrial waste, and combinations of these waste types.
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C.2.  AIR & BIOTA MONITORING DATA

C.2.1  AIR MONITORING DATA

Attached is the DOE NESHAPS report that was forwarded to the U.S. EPA.  This covers the
DOE required air monitoring. Also included is air monitoring data that was performed by the United
States Enrichment Corporation (USEC).  USEC is not required to issue a report to any regulatory
agencies, but a recent agreement with the Bechtel Jacobs Corporation (BJC) allowed BJC to receive
monitoring data performed by USEC.

























USEC Air Monitoring Data

Note: USEC is not required to issue a report to any regulatory agencies, but a recent agreement with
Bechtel Jacobs Corporation (BJC) allowed BJC to recently receive this raw monitoring date from USEC.
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C.2.2  BIOTA MONITORING DATA

DOE does not currently perform regular biota monitoring, however biota data performed by
USEC is included.  See following pages.
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C.3.  VEGETATIVE COVER & PRECIPITATION DATA

Attached is a vegetative cover drawing.  DOE does not collect and USEC has not forwarded to
BJC any current precipitation data; however the following historical data was retrieved from the
Quadrant III Cleanup Alternatives Study/Corrective Measures Study for the Portsmouth Gaseous
Diffusion Plant, April 9, 1998.

Physiographic setting of the PORTS facility

The PORTS facility is located within the Appalachian Plateau physiographic province
approximately 20 miles south of the limits of glaciation in Ohio.  As a result, the topographic setting of
the site has been heavily influenced by drainage associated with glacial events.  The PORTS facility
occupies an upland area of Southern Ohio with an average land surface elevation of 670 ft. above msl.
The naturally formed knolls and lowland areas of the immediate plant area were modified by grading and
filling during plant construction.  The terrain surrounding the plant site consists of farmland and wooded
hills, with elevations generally less than 100 ft above the elevation of the facility.

Meterology

The PORTS facility is located in the temperate zones of North America and has weather
conditions that vary greatly throughout the year.  The mean annual temperature is about 55°F.  Summer
and winter average temperatures range from 72°F to 32°F, respectively.  Record high and low
temperature are 103°F and -25°F, respectively.

Prevailing winds are out of the south-southwest and average 5 mph.  The highest monthly average
wind speed (11 mph) typically occurs in the spring.

Total precipitation averages approximately 40 in. annually.  The precipitation is usually well
distributed throughout the year.  Fall is the driest season.

Snowfall averages approximately 20.4 in./year.  Although snow amounts and frequencies vary
greatly from year to year, an average 8 days/year have greater then 1 in of snowfall.
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C.4.  WETLANDS DELINEATION

The following data was retrieved from the Wetland Survey Report for the Portsmouth Gaseous
Diffusion Plant, October, 1996.

C.4.1  INTRODUCTION

A site-wide wetland survey was performed in October 1995 at the Portsmouth Gaseous Diffusion
Plant (PORTS). Wetlands are areas that are periodically or permanently inundated by surface or ground
water, support hydrophytic vegetation, and have hydric soils. Wetlands are an important natural resource
and play a significant role in fish and wildlife habitat, food chain production, erosion protection, flood
prevention, natural recharge of ground and surface water, and natural water filtration and purification.

Data were collected for each potential wetland area within the U.S. Department of Energy (DOE)
boundary at PORTS. The collection of data included plant species identification, hydric soil
characterization (as defined in the Corps of Engineers Wetlands Delineation Manual) and hydrology
determination. The data for each wetland were evaluated for wetland criteria. The wetland areas meeting
all three wetland criteria were flagged and assigned an identification number corresponding to their
quadrant locations. The data were reviewed, and all potential wetland areas were field verified by the U.S.
Army Corps of Engineers on November 16, 1995, and January 24, 1996. All potential wetland areas field
verified by the U.S. Army Corps of Engineers were determined to be wetlands and assigned jurisdictional
or nonjurisdictional status. All wetlands are jurisdictional except wetland areas associated with active
holding ponds.

C.4.2  METHODS

The site-wide wetland study was conducted October 10, through October 30, 1995. Each potential
area was evaluated for the presence of wetland indicator vegetation, hydrologic characteristics, and hydric
soil characteristics based on the guidelines set in the Corps of Engineers Wetlands Delineation Manual.
Each wetland was assigned an identification number according to the quadrant in which it was located.
The vegetation occupying the wetland area was keyed out to genus and identified as wetland indicator
Obligate (OBL), restricted to aquatic environments; Facultative (FAC), capable of growing under a
variation of wet to dry environmental conditions; Facultative Wet (FACW or FAC+), grows better in
wetter environmental conditions rather than drier; Facultative Up (FACU or FAC-), grows better in drier
environmental conditions rather than wetter; or Upland (UP), restricted to aerobic conditions. Hydrology
of the area was determined by either the presence of standing water, saturated soil, or signs of periodic
inundation. Soil samples were collected for all wetlands (except those associated with radiation or
chemical contamination) and were characterized using the Munsell Soil Color Charts (1992). The
environmental conditions, such as past construction activity or industrial disturbances, were noted for
each wetland on the data forms. All data were recorded on a standard wetland delineation data form. The
boundaries of the wetlands that exhibited all three positive indications, excluding those with soils
associated with chemical or radiation contamination which were evaluated for hydrology only, were
flagged and surveyed for acreage and placement on a site map.
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C.4.3  RESULTS

Quadrant III is located in the northwest portion of the PORTS reservation.  This quadrant is
characterized as a combination of industrially developed areas, such as storage buildings, parking lots,
two wastewater treatment plants, regularly mowed lawns, a scrap metal storage yard, an aboveground
power corridor, the Don Marquis Substation, former construction spoils areas, closed landfills, two
manmade holding ponds, and many gravel service roads.  Also included in this quadrant are secondary
forests and open fields not currently used for industrial purposes.  Quadrant III drains into an unnamed
northwest tributary and the Western Tributary.  All wetlands located in this quadrant have the prefix Q3-
in their identification numbers.

Quadrant III has six jurisdictional wetlands.  The total acreage of wetlands in Quadrant III is 2.017.

C.4.4  DISCUSSION

The PORTS reservation has been disturbed due to initial industrial and grading activities between
1951 and 1954 and current industrial, construction, and maintenance operations. These activities have
altered the landscape and removed the top layers of soil in many locations, thus artificially created
wetland areas via drainage ditches, past construction sites, and disturbed or low lying areas with poor
drainage due to nearby facilities or project activities. Hydric soils do not occur naturally within the
PORTS boundary; therefore, the wetlands located on the PORTS reservation are manmade resulting from
industrial, construction, and maintenance activities and are not natural, pristine wetlands. The most
natural and largest wet area is located in Quadrant II east of Little Beaver Creek. Within this area are
many wetland plant species and evidence of hydrology (i.e., buttress tree trunks and channeling). The soil
characteristics range from slightly mottled to entirely gleyed. One particular portion of Q2-09 is
organically rich and represents the most pristine wetland area on-site.

The U.S. Army Corps of Engineers has reviewed each wetland and determined that there are
41 jurisdictional and 4 nonjurisdictional wetlands totaling 34.4 acres at PORTS.

Wetlands are regulated by the Regulatory Program of the U.S. Army Corps of Engineers in
accordance with 33 CFR Parts 320-330. The Clean Water Act and the Rivers and Harbors Act of 1899 set
the standards for this program. Before dredging or filling of jurisdictional wetlands, an individual or
nationwide permit from the U.S. Army Corps of Engineers is required in accordance with 33 CFR Part
323. Wetlands are also among the sensitive resources evaluated as a part of federal project review under
National Environmental Policy (NEPA). Impacts to the wetlands are carefully reviewed by the Bechtel
Jacobs Company LLC sensitive resources coordinator and documented on the Sensitive Resources
Evaluation form required for the NEPA review process. Compliance with the U.S. federal policy for no
net loss of wetlands is required for both jurisdictional and nonjurisdictional wetlands, and compliance
with 10 CFR 1022 is also required.
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Table 1. Status, acreage, and location of wetlands in Quadrant I

Wetland ID# Status Acreage Location Comments
Q3-27 Jurisdictional 0.117 W. Perimeter Rd.

ditch
Roadside ditch

Q3-29 Jurisdictional 0.036 W. Perimeter Rd.
ditch

Roadside ditch

Q3-30 Jurisdictional 0.480 X-744 N, P, & Q Previous disturbance
Q3-31 Jurisdictional 0.103 X-615 RAD area
Q3-46 Jurisdictional 0.080 X-616 Drainage ditch
Q3-51 Jurisdictional 1.201 W. Perimeter Rd.

ditch
Associated with
roadside ditch
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See Appendix B, Section 6 for Wetland Survey Map
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C.5.   HYDROGEOLOGICAL INFORMATION (GW & SW)

The following data was retrieved from the Quadrant III Cleanup Alternatives Study/Corrective
Measures Study for the Portsmouth Gaseous Diffusion Plant, April 9, 1998.

Site Hydrology

Creeks, drainage ditches, and holding ponds are the prominent surface-water features at PORTS.
Sources of surface-water drainage include precipitation runoff, groundwater discharge, and effluent from
plant processes.  All surface water eventually drains into the Scioto River, which flows south to the Ohio
River.  Little Beaver Creek and Big Run Creek provide drainage for a large portion of PORTS.  The
primary surface drainage in Quadrant III is the West Drainage Ditch.  The northwestern portion of
Quadrant III (west of Don Marquis Substation) is drained by an intermittent unnamed northwest tributary
to Little Beaver Creek.

Site Geology

The geology of the PORTS facility has been characterized through the drilling of over 1,600
borings and wells throughout the site.  The near-surface geologic materials that influence the hydrologic
system at the PORTS facility consist of several bedrock formations and unconsolidated deposits.  The
bedrock formations include (from oldest to youngest) Bedford Shale, Berea Sandstone, Sunbury Shale,
and Cuyahoga Shale.  The unconsolidated deposits of clay, silt, sand, and gravel compose the Minford
Clay and Silt (Minford) member and the Gallia Sand and Gravel (Gallia) member of the Teays formation.
Prior to the Pleistocene glaciation, the Teays River and its tributaries were the dominant drainage system
in Ohio.  The Teays River originated in the Piedmont region of Virginia and North Carolina and entered
Ohio from the south in Scioto County.  The Teays River then flowed southeast to northwest and passed
approximately 3 miles north of the location now occupied by the PORTS facility.  In the vicinity of the
PORTS facility, the location of the ancient Teays River Valley, currently occupied by Big Beaver Creek,
is easily visible on topographic maps.  The preglacial Portsmouth River, a tributary of the Teays, flowed
north across the plant site between bluffs of Cuyahoga Shale.  The Portsmouth River cut down through
the Cuyahoga Shale and into the Sunbury Shale and Berea Sandstone and deposited fluvial silt, sand, and
gravel of the Gallia member of the Teays Formation.

Approximately one million years ago, a glacier advancing from the north blocked the
northwestward flow of the Teays River.  This resulted in the creation of the regional Lake Tight, which
occupied the valleys of the Teays River and its tributaries, including the Portsmouth River in the area now
occupied by PORTS.  Lacustrine silt and clay (Minford), indicative of low-energy conditions, were
deposited on the lake bottom over the meandering Gallia stream deposits.  The basal 10 to 15 ft of the
Minford commonly consists of very fine sand and silt, which reflect shallow lake levels and reworked
sediment of possibly Portsmouth River over-bank deposits.  The silt progressively becomes more clayey
and grades upward into a series of laminated clays that represent sediments deposited as glacial Lake
Tight grew deeper and more extensive.

Eventually, Lake Tight overflowed its banks and initiated the high-volume and high-energy
lower-elevation drainage paths known as Deep Stage drainage.  The most significant Deep Stage stream
in southern Ohio was the south-flowing Newark River.  The Newark River occupied the former Teays
River Valley from Chillicothe to Waverly, bypassed the area of the PORTS facility, and then occupied the
former Portsmouth River Valley south to Portsmouth.  As the glaciers retreated, meltwater flowed down
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the Newark River Valley and partially backfilled it with outwash.  The present-day Scioto River flows to
the south in the former Newark River Valley on top of a thick layer of outwash.

Bedrock Geology

Mississippian-age plastic sedimentary rocks underlie the unconsolidated sediments beneath the
PORTS facility.  The geologic structure of the area is very simple, with the Mississippian strata
(Cuyahoga Shale, Sunbury Shale, Berea Sandstone, and Bedford Shale) dipping gently to the east-
southeast at approximately 30 ft per mile 0.3°.  No known geologic faults are located in the area.
Outcrops of thin sandstone interbeds in the Cuyahoga Shale and Bedford Shale show two distinct joint
sets N65°E and N25°W.  Horizontal bedding-plane fractures are also present in the bedrock formations.

The Bedford Shale is the lowest stratigraphic unit encountered during environmental investigative
activities at the site.  Bedford Shale is composed of thinly bedded shale with interbeds and laminations of
grey, fine-grained sandstone and siltstone.  Sandstone interbeds predominate in the upper regions but
decrease in frequency with depth.  The typical depth to the top of this formation at the PORTS facility is
70 to 100 ft below ground surface.  However, Bedford Shale outcrops are present in deeply incised
streams and valleys within the reservation.  The Bedford Shale averages 100 ft in thickness.

The Berea Sandstone is a light grey, thickly bedded, fine-grained sandstone with thin shale
laminations.  The top 10 to 15 ft consists of a massive sandstone bed with few joints or shale laminae.
The Berea Sandstone averages 35 ft in thickness; however, the lower 10 ft has numerous shale
laminations and is very similar to the underlying Bedford Shale.  This gradational contact does not allow
for a precise determination of the thickness of the Berea Sandstone.  Regionally, Berea Sandstone
contains naturally occurring hydrocarbons (oil and gas) in quantities sufficient for commercial
production.  Generally, within the perimeter road, the Berea Sandstone is the uppermost bedrock unit
beneath the western portion of the PORTS facility but is overlain by the Sunbury Shale to the east.

The Sunbury Shale is a black, very carbonaceous shale.  In outcrops, the Sunbury Shale is fissile
and highly fractured, but in cores obtained during bedrock drilling at the PORTS facility, the Sunbury
Shale has been found to be coherent.  A thin (1- to 3-in.) zone of sulfide mineralization occurs locally at
the contact between the Sunbury Shale and the underlying Berea Sandstone.  The Sunbury Shale is 20 ft
thick beneath much of the PORTS facility but thins westward as a result of erosion by the ancient
Portsmouth River and is absent on the western half of the site.  The Sunbury Shale is also absent in the
drainage of Little Beaver Creek downstream of the X-611A Lime Sludge Lagoons and the southern
portion of Big Run Creek, where it has been removed by erosion.  The Sunbury Shale underlies the
unconsolidated Gallia beneath the most industrialized eastern portion of the plant and underlies the
Cuyahoga Shale outside of the Portsmouth River Valley.  In Quadrant III and beneath X-740, the Sunbury
Shale is absent and the unconsolidated deposits directly overlie the Berea Sandstone.

The Cuyahoga Shale, the youngest and uppermost bedrock unit at the site, forms the hills
surrounding PORTS.  The Cuyahoga Shale has been eroded from most of the active portion of the
PORTS facility.  It consists of grey, thinly bedded shale with scattered lenses of fine-grained sandstone
and regionally reaches a thickness of approximately 160 ft.

Unconsolidated Deposits

Unconsolidated deposits in the vicinity of the PORTS facility fill the ancient Portsmouth River
Valley to depths of approximately 30 to 40 ft.  The unconsolidated deposits are divided into two members
of the Teays Formation:  the Minford Clay and Silt and the Gallia Sand and Gravel.
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Minford Clay and Silt.  The Minford is the uppermost stratigraphic unit beneath the PORTS
facility.  The Minford averages 20 to 30 ft in thickness and grades from predominantly silt and very fine
sand at its base to clay near the surface.  The upper clay unit averages 16 ft in thickness, is reddish-brown,
plastic, and silty, and contains traces of sand and fine gravel in some locations.  These thicknesses vary
greatly as a result of construction-cutting and filling operations as discussed in the next paragraph.  The
lower silt unit averages 7 ft in thickness, is yellow-brown and semiplastic, and contains varying amounts
of clay and very fine sand.  The contact between silt and clay is gradational.  A study by Law Engineering
Testing Company (Law 1978) estimated silt content in the Minford as a whole to be approximately 33%.

During the initial grading of the site, the deposits within the perimeter road were reworked to a
depth as great as 20 ft by preconstruction cut and fill activity.  Figure 1.8 was constructed by comparing
presite topography with recent topography.  In most cases, the fill is indistinguishable from the
undisturbed Minford.

In summary, the combination of construction activities, bedrock topography, and erosion by
modern streams has influenced the areal extent and thickness of the Minford at the PORTS facility.  In
Quadrant III, the Minford/fill material reaches thicknesses of 30 ft.

Gallia  Sand  and Gravel.  Prior to Pleistocene glaciation, the Portsmouth River meandered
north through the valley currently occupied by the PORTS facility and deposited the sand and gravel of
the Gallia.  The Gallia averages 3 to 4 ft in thickness at the site and is characterized by poorly sorted sand
and gravel with silt and clay.  Law Engineering Testing Company indicated that the Gallia has an average
clay content of 30%.  Channel migration and variation in depositional environments that occurred during
deposition of the Gallia resulted in the variable thickness of the Gallia. The areas of thickest accumulation
of Gallia may represent the channel location just before the formation of Lake Tight.  The ancient channel
extends from the south near Big Run Creek northward along the eastern side of the valley and then curves
to the west under the southern end of the X-330 building and continues north along the western side of the
valley.  An earlier meander valley of the Portsmouth River was cut through the Cuyahoga Shale east of
the site.  Thick Gallia deposits are present where this secondary meander valley intersects the main valley
near the X-701B. Valley walls of the ancient Portsmouth River formed a natural barrier for deposition of
Gallia channel deposits.  Gallia deposits beneath PORTS are generally absent above an approximate
elevation of 650 ft above msl.

As a result of similar depositional environments and source material, deposits from modern
streams at the site are often visually indistinguishable from Gallia deposits.  The modern surface-water
drainage has also eroded the unconsolidated sediments and resulted in locally thin or absent Gallia and
Minford.

Surface Soil Description

According to the Soil Survey of Pike County, Ohio, the predominant soil type at PORTS is
Omulga Silt Loam.  Most of the area within the active portion of PORTS is classified as Urban land-
Omulga complex with a 0 to 6% slope, which consists of Urban land and a deep, nearly level, gently
sloping, moderately well drained Omulga soil in preglacial valleys.  The Urban land is covered by roads,
parking lots, buildings, and railroads that so obscure or alter the soil that identification of the soil series is
not feasible.

The surface layer of Omulga Silt Loam is dark greyish-brown, friable (easily crumbled), and
approximately 10 in. thick.  The subsoil is approximately 54 in. thick and is composed of three portions:
(1) a yellowish-brown, friable silt loam; (2) a fragipan (brittle, compacted subsurface soil) of yellowish-
brown, mottled, firm, and brittle silty clay loam middle; and (3) a yellowish-brown, mottled, friable silt
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loam approximately 20 in. thick.  The root zone is generally restricted to the zone above the fragipan and
contains none of the Urban land soils.  Well-developed soil horizons may not be present in all areas inside
Perimeter Road because of cut-and-fill operations related to construction.

Site Hydrogeology

The groundwater flow system at the PORTS facility includes two water-bearing units (the
bedrock Berea Sandstone and the unconsolidated Gallia) and two aquitards (the Sunbury Shale and the
unconsolidated Minford). The basal portion of the Minford is generally grouped with the Gallia to form
the uppermost and primary aquifer at the facility.  As discussed in the following paragraphs, the hydraulic
properties of these units have been well defined during previous investigations at the facility.
Groundwater flow at the site also has been well defined.

Hydrologic Properties

Several single-well aquifer tests were performed by Geraghty & Miller at the PORTS facility to
estimate the hydraulic conductivity of the Berea Sandstone (the lowest water-bearing unit).  Measured
hydraulic conductivity values of the Berea Sandstone range from 4.5 x 10-3 to 15 ft/d, with a mean value
of 0.16 ft/d.  The arithmetic mean of hydraulic conductivity measurements in the Berea Sandstone at the
X-616 (where the Sunbury Shale is absent and the Berea Sandstone may be eroded and weathered) is 0.35
ft/d.  The general range for hydraulic conductivity of sandstones is 3.0 x 10 -5 to 30 ft/d.  Although two
joint sets have been measured at the PORTS facility (N65°E and N25°W), significant secondary
permeability in the Berea Sandstone at the site has not been noted in previous investigations.

The hydraulic conductivity of the Gallia, determined from single-well tests across the entire
PORTS facility, varies from 0.11 to 150 ft/d with an arithmetic mean value of 3.4 ft/d.  In the vicinity of
the X-616 unit, the arithmetic mean of hydraulic conductivity measurements is 1.2 ft/d.  A hydraulic
conductivity for the Gallia of 1.8 ft/d was determined from a short-term test performed by Geraghty &
Miller in the vicinity of the X-749 unit.

Multiple-well aquifer tests were performed at the X-701B (Quadrant II) and the X-231B
(Quadrant I) by Geraghty & Miller to estimate hydraulic properties of the Gallia.  On the basis of an
average thickness of 5 ft, estimated hydraulic conductivity values in the Gallia range from 24 to 104 ft/d
at the X-701B, with arithmetic mean and median values of 49 ft/d and 44 ft/d, respectively.  The X-231B
test yielded values between 6.8 and 62 ft/d, with an arithmetic mean and median of 38 ft/d and 40 ft/d,
respectively.

At the X-749 and the X-120, slug tests were also performed as part of recent field investigations.
The hydraulic conductivity of the Gallia ranged from 1.9 to 8.1 ft/d in the southern part of the X-749
plume.  The hydraulic conductivity of the Gallia is generally higher in thicker areas.  The storage
coefficient for the Gallia also varies considerably at the facility: the range is from 0.00011 to 0.41, with
an arithmetic mean of 0.16.

Additional aquifer testing was performed during a field evaluation of horizontal well technology
at the X-701B.  Both single-well and horizontal well pumping tests were performed to evaluate the
heterogeneity of the Gallia.  Hydraulic conductivity values calculated from the nine vertical wells ranged
from 39.6 to 182.8 ft/d. The maximum sustained yield of the western horizontal well was found to be 11.4
gal/min, while the average hydraulic conductivity was estimated to be 20 ft/d.  This calculated value was
consistent with the lowest values measured in the single well test.
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Additional aquifer testing in the X-701B area was performed in support of a technological
demonstration of surfactant flooding.  Several existing wells located at the western portion of X-701B,
were redeveloped and subjected to a step draw-down test, a hydraulic interference test, and an injection
test.  The results of these tests indicated that the maximum sustainable yield should be approximately 6
gal/min.  The hydraulic conductivity for the Gallia was calculated to be 23.5 ft/d.

Numerous laboratory measurements of hydraulic conductivity for the Minford clay and silt units
were performed by Law Engineering Testing Company.  The average measured permeability of the
Minford clay is 2.3 x 10 -4 ft/d and the average measured permeability of the Minford silt is 4.3 x 10 -3

ft/d.  Laboratory analyses of two Minford silt and clay cores collected in the X-701B area (Quadrant II)
by Geraghty & Miller yielded vertical hydraulic conductivity estimates of 2.6 x 10 -5 ft/d and 1.3 x 10 -4

ft/d.  Geraghty & Miller performed a single-well aquifer test in the Minford at the X-616 unit (Quadrant
III) that yielded a hydraulic conductivity value of 0.62 ft/d.  On the basis of these low hydraulic
conductivity values, the Minford clay is considered to be an effective aquitard.

Groundwater Recharge and Discharge Areas

Groundwater recharge and discharge areas at the PORTS facility include both natural and man-
made recharge and discharge areas.  Both types are discussed in the following sections.

Natural recharge and discharge areas . Natural recharge to the groundwater flow system at the
PORTS facility comes from precipitation.  Net recharge, the amount of water available for infiltration, has
been previously estimated to range between 8.9 and 13.9 in./year by using the empirical Thornthwaite
method.  These estimates ignored the large areas covered by roofed buildings, paved roads, or storage
areas where precipitation is diverted directly to storm sewers, streams, or creeks draining the area.  The
Thornthwaite method also ignores the effects of transpiration by vegetation.  Therefore, direct infiltration
from precipitation is considerably less than that cited previously.  The continuity and low permeability of
the Minford formation, especially the uppermost clay unit, also reduces infiltration into the groundwater
flow system.  On the basis of the calibration calculations performed during groundwater modeling for the
X-740 area, recharge could be as low as 2 to 4 in./year, the average for this part of Ohio.

Land use and the presence of thick upper Minford clay deposits and the Sunbury Shale effectively
reduce recharge to underlying units.  Along the eastern portion of Quadrant III, recharge to the Minford
and Gallia is reduced because a large percentage of the land is paved or covered by buildings.  However,
recharge to the Berea Sandstone from the overlying Gallia is increased as a result of the absence of the
Sunbury Shale.  The main recharge area for the Gallia and Berea Sandstone in Quadrant III is located east
of the X-616.  The bedrock valley walls bordering the western portion of Quadrant III are composed of
shale and therefore contribute little groundwater recharge to the area.

Groundwater at the PORTS facility discharges primarily to surface streams.  Groundwater in the
eastern and northern portions of the facility discharges to the East and North Drainage Ditches and to the
Little Beaver Creek.  In the southern portion of the facility groundwater discharges to the Big Run Creek
and to the unnamed Southwest drainage ditch.  Along the western boundary of the site (Quadrant III), the
West Drainage Ditch serves as a local discharge area for all geologic units.

Man-made recharge and discharge areas .  Groundwater recharge and discharge areas at the
PORTS facility are also affected by numerous man-made features:  the storm sewer system, the sanitary
sewer system, the recirculating cooling water system, water lines, and building sumps.  The storm sewer
system consist of numerous large-diameter culverts and pipes that drain surface water from discrete
segments of the site.  The storm sewer system, including its associated backfill, probably acts as an
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interceptor trench in the Minford and, in certain areas, within the Gallia.  On the basis of a review of
groundwater flow data, this system does not appear to have a significant effect on groundwater flow in the
Gallia.  Groundwater collected by these drains is transported to the discharge point for each storm drain.
Discharge points for the storm drains generally coincide with site NPDES outfalls that eventually
discharge to the surface-water units described previously.

Three other systems of underground lines that could affect groundwater flow at the PORTS
facility are the recirculating cooling water system, the sanitary sewer system, and water supply lines.
These systems are generally located within 6 to 12 ft of the ground surface.  The depth to groundwater is
generally greater than 12 ft below ground surface in Quadrant III.  Consequently, these systems and their
associated backfills are usually located above the local water table.  On the basis of these factors, none of
these systems appear to act as a major discharge conduit for groundwater.  The recirculating cooling
water and fire hydrant supply systems are pressurized to ensure proper transport of water.  If these
systems have leaks, they may locally act as sources of recharge to groundwater.  Although recharge from
these lines to groundwater is difficult to measure, overall groundwater flow directions are not affected.

One major man-made feature that significantly affects groundwater flow at the site is a set of
sumps located in the X-700 and the X-705 buildings (Quadrant II).  These sumps are pumped at a
combined average rate of 28,000 gpd to keep the basements dry.  This pumpage has a significant effect on
groundwater flow because it creates a large cone of depression centered around the active sumps.
Vertical gradients in the area indicate potential upward flow from the Berea Sandstone to the Gallia.  On
the basis of existing groundwater flow data, no other building sumps appear to have a significant effect on
groundwater flow at the PORTS facility.  Pumping of extraction wells in the vicinity of X-231B, X-701B,
and groundwater interceptor trenches at X-749 and X-701B locally affect groundwater flow.

Groundwater Flow

Groundwater flow at PORTS can generally be divided into four separate flow regions.
Groundwater divides provide the basis for separation of the reservation into quadrants. The groundwater
divides generally coincide with topographic highs along the center of the industrial complex (from south
to north) and topographic highs radiating outward and separating the predominant surface water features
draining the facility.  The locations of the groundwater flow divides may migrate small distances in
response to seasonal changes in precipitation and groundwater recharge.  The rates of pumping the X-
700/X-705 sumps and remediation wells can also influence the location of the groundwater divides in
some areas.

The directions of groundwater flow and gradients at the PORTS facility are determined by
recharge, interactions within and between hydrogeologic units, natural surface drainages, and the an-made
features discussed previously.  Of all the variables, surface-water drainage at the site has the greatest
influence.  The horizontal directions of groundwater flow in the Gallia and Berea Sandstone are similar
across the site.  These figures depict potentiometric surfaces measured  in June 1994.  Groundwater flow
in both of these units is strongly influenced by incised streams, Little Beaver Creek, Big Run Creek, West
Drainage Ditch, and the unnamed Southwest drainage ditch. Groundwater in the Gallia, in each flow
region, ultimately discharges to a surface-water drainage.  In general, groundwater gradients are flatter in
the upland areas, in the center of the industrial complex, and become steeper as groundwater approaches
the streams or creeks.  Vertical movement of groundwater between the Gallia and Berea Sandstone is
both upward and downward across the site but is greatly reduced in areas where the Sunbury Shale is
present.  In general, downward movement is observed in areas of recharge and upward movement is noted
in areas of discharge.
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Groundwater flow in Quadrant III is influenced by holding ponds (X-2230N Holding Pond), the
West Drainage Ditch and its tributaries, bedrock topography, buildings, paved areas, and the presence or
absence of the Sunbury Shale and thickness of the clay portion of the Minford.  The West Drainage Ditch
is deeply incised into bedrock, especially west of the perimeter road, intercepting all of the groundwater
in the Minford and Gallia flowing west of  Perimeter Road.  Seepage faces develop where the water table
intersects the land surface along the side walls of the ditches in both the Minford and Gallia.  Storm drains
in the area are typically completed within the Minford and have minimal impact on the flow system.

Groundwater flow in the Berea Sandstone along the western portion of Quadrant III is influenced
by the West Drainage Ditch and by the erosion of the Berea Sandstone by the Scioto River to the west.  In
this area, groundwater flow is primarily to the west.  The thinning and absence of the Sunbury Shale
along the western portion of the site, including much of Quadrant III, also increases the connection
between the Gallia and the Berea Sandstone:  in most areas, the flow is downward from the Gallia to the
Berea Sandstone.  However, pronounced upward flow is observed near the west drainage ditch.
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USEC Surface Water Monitoring Data

Note: USEC is not required to issue a report to any regulatory agencies, but a recent agreement with
Bechtel Jacobs Corporation (BJC) allowed BJC to recently receive this raw monitoring date from USEC.
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C.6.  GROUNDWATER & SURFACE WATER USAGE PATTERNS

Within the DOE reservation at PORTS the groundwater flow and the recharge rates are very
slow.  The groundwater within the PORTS reservation boundaries are not utilized for any business,
commercial or personal uses.  The site’s groundwater is used only for the purposes of determining
contamination.

The surface waters within the PORTS reservation boundaries are also not utilized for any
commercial or personal uses.  The surface waters of the site are explained below.

The following data was retrieved from the Quadrant III Cleanup Alternatives Study/Corrective
Measures Study for the Portsmouth Gaseous Diffusion Plant, April 9, 1998.

Creeks

Little Beaver Creek enters the PORTS reservation north of the east access road.  The creek flows
north-northwest, was diverted to the eastern side of the X-611A Sludge Lagoons when the lagoons were
constructed, and then flows west until it exits DOE property.  The east, northeast, and north drainage
ditches discharge to little Beaver Creek within the property boundary.  Little Beaver Creek converges
with Big Beaver Creek approximately 1.5 miles northwest of the plant.  Big Beaver Creek continues
southwest 1.5 miles, where it discharges into the Scioto River.  Little Beaver Creek drains the entire
northern and eastern portions of PORTS; flow is moderate and during parts of the year consists primarily
of plant effluent through the plant stormwater system.

Big Run Creek begins at the X-230K Holding Pond in the southeastern portion of PORTS and flows south
to the DOE property boundary.  Big Run Creek continues southwest until it discharges into the Scioto River,
approximately 4 miles southwest of the plant site.  Big Run Creek drains the southeastern area of PORTS; flow
within the waterway is usually low.  The main water supplies to Big Run Creek are groundwater discharge,
stormwater runoff, and some effluent from plant processes through the X-230K Holding Pond.

Two ditches drain the western and southwestern portions of the site; flow is low to intermittent.
The West Drainage Ditch receives water from surface-water runoff, storm sewers, and plant effluent.  The
unnamed Southwest drainage ditch receives water mainly from storm sewers and groundwater discharge.
These two drainages continue west and ultimately discharge into the Scioto River.  Most surface runoff,
storm water, and groundwater in Quadrant III drains through the West Drainage Ditch.  The northwestern
portion of Quadrant III (west of Don Marquis Substation) is drained by the intermittent unnamed
northwest tributary to Little Beaver Creek.

Holding Ponds

Holding ponds are used as quiescent zones to control plant process effluent.  The ponds lower
peak flow and increase the duration of runoff from storm events.  The ponds also promote chlorine
dissipation and settling of sediment mobilized by stormwater runoff.  Many also serve as spill retention
basins to prevent off-site migration of spills or accidental discharges until treatment or recovery can be
accomplished.  Several ponds were designed specifically to treat process effluent.  For example, the X-
611B Sludge Lagoon is used for deposition of lime sludge generated from the drinking water purification
process.  Table 1.2 summarizes all the holding ponds on site, their respective uses, and the surface water
bodies into which they drain.  Only two holding ponds are located in Quadrant III (X-230J5 and X-
2230N), both are used to control storm water runoff and to capture sediment.
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Table 1.2.  Summary of Holding Ponds,
Portsmouth Gaseous Diffusion Plant, Piketon, Ohio

  Pond
Location

(Quadrant) Purpose/Use Discharges To

X-230J5 West (III) Control stormwater runoff/ sedimentation  Scioto River

X-230J6 Northeast (IV) Control stormwater runoff/ sedimentation Little Beaver Creek

X-230J7 Northeast (II) Control stormwater runoff/ sedimentation  Little Beaver Creek

X-230K Southeast (I) Control stormwater runoff/coal pile steam plant discharge  Big Run Creek

X-230L North (IV) Spill retention/control storm runoff/ sedimentation  Little Beaver Creek

X-611A* Northeast (IV) Lime sludge lagoons (3), water treatment effluent  Little Beaver Creek

X-611B Northeast (IV) Lime sludge lagoon, water treatment effluent  Little Beaver Creek

X-701B* Northeast (II) Treatment of effluent  East Drainage Ditch

X-2230M Southwest (I) Control stormwater runoff/ sedimentation from GCEP  Scioto River

X-2230N West (III) Control sedimentation from GCEP construction   Scioto River

* No longer in use.
GCEP = gaseous centrifuge enrichment process

Surface Water Monitoring

Surface-water monitoring of permitted outfalls and routine voluntary sampling is conducted at
PORTS on- and off-site.  The frequency of surface-water sampling is specific to the analytes.  Routine
and permitted outfall samples are tested for radiological components (gross alpha, gross beta-gamma,
technetium, and uranium), pH, flow, turbidity, trichloroethene (TCE), oil and grease, heavy metals,
fluorides, and phosphates.

Most surface water sampling at PORTS is mandated by the National Pollutant Discharge
Elimination System (NPDES) permit enforced by the Ohio EPA.  NPDES permit limitations regulate all
plant process effluent discharged to the environment.  The first PORTS NPDES permit was issued in
1983.  The most recent NPDES permit was issued in September 1995.  Twenty outfalls have NPDES
permits; eleven are external (discharge directly to surface water) and nine are internal (discharge to an
external outfall).  Four NPDES outfalls are located in Quadrant III (see bolded items below).

Surface water monitoring is conducted in conjunction with groundwater assessment monitoring.
Surface water is collected quarterly from 13 locations around the site to assess potential groundwater
plume discharges to surface streams.

External NPDES Outfalls:
001 X-230J7 Holding Pond
002 X-230K South Holding Pond
003 X-6619 Sewage Treatment Facility
004 X-616 Chromate Treatment Facility
005 X-611B Lime Sludge Lagoon
009 X-230L North Holding Pond
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010 X-230J5 Holding Pond
011 X-230J6 Holding Pond
012 X-2230M Holding Pond (DOE)
013 X-2230N Holding Pond (DOE)
014 GCEP Outfall (DOE)

Internal NPDES Outfalls:
602 X-621 Coal Pile Runoff Treatment Facility
604 X-700 Biodenitrification Facility
605 X-705 Microfiltration Facility
606 X-701B Carbon Treatment Facility (DOE)
607 X-700 Air Stripper
608 X-622 Carbon Treatment Facility (DOE)
609 X-624 Carbon Treatment Facility (DOE)
610 X-623 Carbon Absorption Treatment System (DOE)
611 X-622T Carbon Absorption Treatment System (DOE)

Additional surface-water sampling is conducted by DOE at PORTS to monitor process effluent
for possible releases to the environment and to determine the effect of plant operations on the surrounding
area.  Although the majority of receiving-stream sampling is conducted off-site, samples also are
collected at on-site locations, depending on conditions or concerns.  Receiving-stream sampling is
conducted for all creeks and streams that receive plant process effluent including Little Beaver Creek, Big
Beaver Creek, Big Run Creek, and the Scioto River.  Routine sampling stations are upstream and
downstream of the confluence with the effluent stream.  Data collected at the stations facilitate a
comparison of the water quality before and after discharge of plant effluent so that the effect of PORTS
effluent on creeks and the river can be isolated.
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C.7.  SITE WASTE MANAGEMENT
(Generation/Capacities/Disposition)

Current Waste Disposition Maps for Portsmouth, dated 07/05/00, can be found at the follow net address:

www.emi-web.inel.gov/dmaps2000.html

Excerpt from the Detailed Guidance for the 1999 Spring Update (4/99)

Disposition Maps are graphical representations (reports) of a site’s baseline planning data related to
managing wastes, contaminated media, and spent nuclear fuel.  They show the planned progression from
current status through treatment and disposal.  Data are included for each step in the disposition path.  A
stream is dispositioned when it enters the next TSD [treatment, storage, disposal] system or is transferred
to another site, program, or waste type.  Final disposition (end state) occurs when a stream is disposed,
recycled, or otherwise no longer requires active management.

Portsmouth does have an Integrated Waste Management Plan, but it is not updated on an annual basis
such as Paducah's.  Planning for waste management is centered around the PORTS Waste Disposition
Maps.

PORTS does update/maintain on an annual basis the following documents:

(1) Waste Disposition Maps,
(2) Site Treatment Plan,
(3) Annual RCRA Part B Permit, and
(4) Life Cycle Baseline
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C.8.  SITE-SPECIFIC SEISMIC DATA

The following data was retrieved from the Final Environmental Statement for the Portsmouth
Gaseous Diffusion Plant Expansion, Piketon, Ohio, Volume 1 of 2 prepared by the Energy Research &
Development Administration, September, 1977.

C.8.1  REGIONAL TECTONICS

Most of the geologic structural features in Ohio are related to the orogenic forces that were active in
the region during the Paleozoic era. Acting on the Precambrian basement rocks, these forces formed
domes, basins, and arches in the region, and thousands of feet of Paleozoic sediments were deposited in
the basins and on top of the arches and domes. These consolidated Paleozoic sediments currently
constitute the bedrock in Ohio.1

The dominant structural features that affect the south central Ohio region are the Cincinnati dome,
the Rough Creek fault zone, the Appalachian basin, the Michigan basin, and the Illinois basin.1 These
features are shown in Fig 2.5-10.

Pike County is situated on the Indiana-Ohio platform. This platform, which includes the Cincinnati
dome, is a structurally high area that lies between the major basins located in the region; the area has been
tectonically stable since late Paleozoic time. 1

Earthquakes in Ohio are usually confined to four localities: the northwestern corner of the state
around the Findlay arch area, the Cincinnati dome, southeastern Ohio, and the northeastern corner of
Ohio. Earthquakes in the areas may have several causes: movement along faults, subsidence, or
postglacial rebound.1

C.8.2  RECENT SEISMIC HISTORY

The only geologic structures that have been mapped in the Pike County area are two faults. Both
faults are thought to be inactive, but they are worth noting. The first, the Peebles fault, is 18 miles west of
Piketon. The second, the Maysville fault, is 35 miles west of Piketon.2

There have been 40 recorded earthquakes within about 175 miles of Piketon, and 4 earthquakes with
intensities of V or greater on the Modified Mercalli scale have occurred with in 60 miles of Piketon. The
strongest of the four occurred in Meigs County, Ohio, on November 5, 1926.  2 Table 2.5-2 gives a list of
the recorded earthquakes.

Two major zones of seismic activity may affect the Pike County area. The first is the New Madrid
fault zone, which is centered in the tri-state area of Arkansas, Missouri, and Illinois. Three major
earthquakes have occurred in this zone since 1800. The second zone is the southern Applachian fault
zone, which is located in the southern Appalachians and extends from Northern Alabama to western
Maryland. This zone was the site of the major earthquake that occurred at Charleston, South Carolina, in
1886. 1 Figure 2.5-11 shows the location of these two major zones in relation to the plant site.
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C.8.3  SEISMIC RISK

In 1973 the engineering firm of John A. Blume and Associates prepared a report for Union Carbide
Corporation entitled Seismic Investigations for the AEC Gaseous Diffusion Plants.1 That report contains a
number of tables and graphs that show various seismic relationships for the three gaseous diffusion sites.
It describes recurrence relationships, seismic wave attenuation, and aseismic acceleration.

Earthquake recurrence relationships

The report presented relationships between the magnitude and number of earthquakes recorded in the
New Madrid zone and the southern Applachian zone. According to calculations, on the average, a
minimum of one earthquake of magnitude 5.5 to 6.5 on the Richter scale can be expected to occur every
31 years in the New Madrid zone; and one earthquake of magnitude 4.5 to 5.5 can be expected to occur
every 7 years. Calculations for the southern Applachian zone predict one earthquake of magnitude 6.5 to
7.5 every 100 years, one earthquake of magnitude 5.5 to 6.5 every 22 years, and one earthquake of
magnitude 4.5 to 5.5 every 4.7 years. Figure 2.5-12 shows the Modified Mercalli intensity scale and its
relation to the Richter scale and to ground acceleration.

Seismic wave attenuation

John A. Blume and Associates also derived seismic attenuation equations1 that show intensity vs.
distance from the two major epicentral areas (New Madrid earthquake of 1811-1812 and Charleston,
earthquake of 1886). For the wave travel path from the New Madrid epicentral area to the Portsmouth
plant site, the attenuation is expressed by the equation

I = 12.5 - 34.9 + 66.1R2 - 38R3 ,

Where I is the Modified Mercalli intensity and R is the distance in kilometers from the epicenter.
This third-order polynomial reflects anomalous geological structure alone the wave path. The equation of
attenuation for the Charleston earthquake is linear, I = 9.8 - 9.0057R, where I and R express the same
variables as given above. The distances from the New Madrid and Charleston epicenters to the PORTS
plant site are approximately 650 km and 720 km, respectively.

Seismic acceleration

John A. Blume and Associates calculated and plotted the probabilities of exceeding specified ground
accelerations (peak). Their curves for the PORTS plant area are shown in Fig. 2.5-13. Probabilities are
expressed for 50-year and 100-year return intervals for both minimum (average recorded seismicity) and
maximum (seismic activity level of largest earthquakes) accelerations. The 50% probability of exceeding
the specified ground accelerations at the Portsmouth site ranges from 0.028 g to 0.090 g for a 100-year
return period. The 16% (one standard deviation) probability of exceeding the ground accelerations ranges
from 0.072 g to 0.24 g for the same return period.

Design and maximum earthquake

Dames & Moore, an engineering firm, also prepared a seismic report for Union Carbide Corporation.
They developed response spectra for both design and maximum earthquakes; the spectra are shown in
Figs. 2.5-14 and 2.5-15 respectively. A design earthquake is defined as an earthquake that has a 50%
probability of occurring at least one time over the life of a structure, and the structure is designed to
withstand the expected seismic stresses as part of the allowable working stresses.3 The maximum
earthquake is defined as an earthquake that has a 16% or less probability of occurring at least one time
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over the life of a structure; and structures are designed to withstand those seismic stresses within their
yield capabilities.3 Dames & Moore have derived values for peak accelerations of maximum and design
earthquakes. The values for the Portsmouth site are 10% gravity acceleration and 4% gravity acceleration,
respectively.2
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